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ABSTRACT
The Ghirardi-Rimini-Weber (GRW) theory of spontaneous collapse offers a possible resolu-
tion of the quantum measurement problem. In this theory, the wave function of a particle
spontaneously and repeatedly localises to one or the other random position in space, as a
consequence of the hypothesised quantum jumps. In between jumps the wave function under-
goes the usual Schro¨dinger evolution. In the present paper we suggest that these jumps take
place in Hilbert space, with no reference to physical space, and physical three-dimensional
space arises as a consequence of localisation of macroscopic objects in the universe. That
is, collapse of the wave-function is responsible for the origin of space. We then suggest that
similar jumps take place for a hypothetical time operator in Hilbert space, and classical time
as we know it emerges from localisation of this time operator for macroscopic objects. More
generally, the jumps are suggested to take place in an operator space-time in Hilbert space,
leading to an emergent classical space-time.
This article is respectfully dedicated to the memory of Giancarlo Ghirardi
I. THE GRW THEORY
The GRW theory [1, 2] makes the following two postulates for dynamics in non-relativistic
quantum mechanics:
1. Given the wave function ψ(x1,x2, ...,xN) of an N particle quantum system in Hilbert
space, the n-th particle undergoes a ‘spontaneous collapse’ to a random spatial position x
as defined by the following jump operator:
ψt(x1,x2, . . .xN) −→
Ln(x)ψt(x1,x2, . . .xN )
‖Ln(x)ψt(x1,x2, . . .xN )‖
(1)
The jump operator Ln(x) is a linear operator defined to be the normalised Gaussian:
Ln(x) =
1
(pir2C)
3/4
e−(qˆn−x)
2/2r2
C (2)
qˆn is the position operator for the n-th particle of the system and the random variable x
is the spatial position to which the jump occurs. rC , the width of the Gaussian, is a new
constant of nature.
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The probability density for the n-th particle to jump to the position x is assumed to be
given by:
pn(x) ≡ ‖Ln(x)ψt(x1,x2, . . .xN)‖
2 (3)
Also, it is assumed in the GRW theory that the jumps are distributed in time as a Poissonian
process with frequency λGRW. This is the second new parameter of the model.
2. Between two consecutive jumps, the state vector evolves according to the standard
Schro¨dinger equation.
These two postulates together provide a unified description of microscopic and macro-
scopic dynamics, and an elegant solution to the quantum measurement problem (for reviews
see e.g. [3, 4]).
II. PHYSICAL SPACE AS A CONSEQUENCEOF THE GRW QUANTUM JUMPS
If the GRW jumps localise a particle in space, then it is obvious that space is assumed to
pre-exist, so that a jump can occur in space. Assuming that the GRW theory is the correct
description of modified quantum mechanics, imagine for a moment that no GRW jumps have
yet taken place in the universe. There would then be no localised macroscopic objects at all,
and every particle will be undergoing Schro¨dinger evolution. If everything in the universe
is quantum mechanical, it is not physically meaningful to talk of space. According to the
Einstein hole argument [5, 6] in order to assign a physical and operational meaning to space,
there must overlie on the space a well-defined classical metric. This classical metric is in
turn produced by classical bodies, according to the laws of general relativity. And classical
bodies are themselves the result of GRW localisation. Thus it is not reasonable to assume
space to exist prior to the GRW quantum jumps. Rather, it seems quite intuitive that
space results from GRW collapses taking place all over the universe. Space is that which is
between collapsed objects. No collapse, no space. This also helps us understand why the
GRW jumps take place in space: it is because space in the first place is created because of
these jumps.
We can state this formally, by revising the first postulate of GRW theory. Hilbert space is
assumed to be more fundamental than space, and space is assumed to arise as a consequence
of the GRW jumps, which actually take place in Hilbert space. We define a set of three
new self-adjoint ‘space operators’ xˆ which commute with each other and with the qˆns.. The
state of the system is described by the wave function ψ(x1,x2, ...,xN), where xn is a set
of three degrees of freedom associated with the n-th particle, these being real eigenvalues
of the newly introduced ‘space operator’ xˆ which belongs to the Hilbert space. The state
evolves with time according to the following two postulates, which are essentially the same
as the GRW postulates, except that one gets rid of classical physical space.
1. Given the wave function ψ(x1,x2, ...,xN) of an N particle quantum system in Hilbert
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space, the n-th particle undergoes a ‘spontaneous collapse’ to a random eigenvalue x of xˆ,
as defined by the following jump operator:
ψt(x1,x2, . . .xN) −→
Ln(x)ψt(x1,x2, . . .xN )
‖Ln(x)ψt(x1,x2, . . .xN )‖
(4)
The jump operator Ln(x) is a linear operator defined to be the normalised Gaussian:
Ln(x) =
1
(pir2C)
3/4
e−(qˆn−x)
2/2r2
C (5)
qˆn is the position operator for the n-th particle of the system and the random variable x
is the eigenvalue of xˆ to which the jump occurs. rC , the width of the Gaussian, is a new
constant of nature.
The probability density for the n-th particle to jump to the eigenvalue x of xˆ is assumed
to be given by:
pn(x) ≡ ‖Ln(x)ψt(x1,x2, . . .xN)‖
2 (6)
Also, it is assumed that the jumps are distributed in time as a Poissonian process with
frequency λGRW. This is the second new parameter of the model.
2. Between two consecutive jumps, the state vector evolves according to the standard
Schro¨dinger equation.
The particles described by qˆn ‘live’ in the xˆ operator space, and the aforesaid x are
actually eigenvalues of xˆ. Collapse localises a particle to one of the eigenvalues of xˆ. Macro-
scopic objects collapse extremely rapidly. Using these eigenvalues as reference points, one
interprets the unoccupied eigenvalues around macroscopic objects as the three-dimensional
classical physical space we are so familiar with. A quantum mechanical particle which has
not undergone collapse still ‘lives’ in the spatial operator space xˆ, but in our conventional
formulation of quantum mechanics we work not with operator space, but with classical space,
from which the configuration space is constructed.
III. GRW QUANTUM JUMPS IN A TIME OPERATOR
The argument given at the beginning of Section II, namely that it is not meaningful to
talk of classical space without classical bodies being present, applies to classical time as
well. The Einstein hole argument suggests that in the absence of classical matter fields
or material bodies, it is not physically meaningful to assume the existence of a classical
space-time manifold. With this in view, we propose that there exists in Hilbert space a self-
adjoint ‘time’ operator tˆ. In addition we shall assume the existence of a universal classical
‘scalar time’ s whose origin we will discuss in the subsequent section. This time s, which
keeps track of evolution, we shall refer to as ‘trace time’, for reasons which are clarified in
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the next section. The wave function will now depend on the extended configuration space
(x1, t1,x2, t2, ...,xN, tN) where tn is an eigenvalue of the operator time tˆ, and the degrees
of freedom (xn, tn) are associated with the ‘position’ operator qˆn of the n-th particle. The
GRW postulates for collapse in the time operator are stated as follows:
1. Given the wave function ψ(x1, t1,x2, t2, ...,xN, tN) of an N particle quantum system in
Hilbert space, the n-th particle undergoes a ‘spontaneous collapse’ to a random eigenvalue
t of tˆ, as defined by the following jump operator:
ψs(x1, t1,x2, t2, . . .xN , tN) −→
Ln(t)ψs(x1, t1,x2, t2, . . .xN , tN)
‖Ln(t)ψs(x1, t1,x2, t2, . . .xN , tn)‖
(7)
The jump operator Ln(t) is a linear operator defined to be the normalised Gaussian:
Ln(t) =
1
(pitC)1/2
e−(tˆ−t)
2/2t2C (8)
qˆn is the ‘position’ operator for the n-th particle of the system and the random variable t
is the eigenvalue of tˆ to which the jump occurs. tC , the width of the Gaussian, is a new
constant of nature.
The probability density for the n-th particle to jump to the eigenvalue t of tˆ is assumed
to be given by:
pn(t) ≡ ‖Ln(t)ψs(x1, t1,x2, t2, . . .xN , tN)‖
2 (9)
Also, it is assumed that the jumps are distributed in trace time s as a Poissonian process
with frequency ηGRW. This is the fourth new parameter of the model.
2. Between two consecutive jumps, the state vector evolves according to the following
generalised Schro¨dinger equation
i~
∂ψ
∂s
= Hψ(s) (10)
With regard to time, the particles described by tn ‘live’ in the tˆ operator space, and the
aforesaid t values are actually eigenvalues of tˆ. Collapse localises a particle to one of the
eigenvalues of tˆ. Using these eigenvalues as reference points, one interprets the collection
of eigenvalues as the one dimensional classical time we are so familiar with. Time could be
said to be that which is between GRW jumps in the operator time. A quantum mechanical
particle which has not undergone collapse still ‘lives’ in the time operator space tˆ, but in
our conventional formulation of quantum mechanics we work not with operator time, but
with classical time. Classical space and time are thus approximations to the operator space
and time described by (xˆ, tˆ), the approximation being caused by GRW quantum jumps.
It seems reasonable to assume that ηGRW = λGRW and that the amplification mecha-
nism works for localisation in the temporal direction, same way that it works for spatial
localisation of macroscopic objects.
4
Our discussion so far has been in the context of non-relativistic quantum mechanics.
We next consider how it might be possible to extend it to a relativistic space-time, and
try to arrive at classical Lorentz-invariant Minkowski space-time as a consequence of GRW
quantum jumps in operator space-time.
IV. GRW JUMPS IN THE SPACE-TIME OPERATOR
We now propose that there exists in the Hilbert space an operator space-time ‘Minkowski’
metric, for which the line-element is
ds2 = Tr dsˆ2 ≡ Tr[c2 dtˆ2 − dxˆ2] (11)
which also defines the trace time s, in terms of the trace of the operator line element.
This line-element is invariant under Lorentz transformations of the space-time operator,
and allows us to construct a Lorentz invariant classical matrix dynamics. This was shown
by us in an earlier work [7]. For our present purpose we define a space-time operator xˆµ as
xµ = (tˆ, xˆ), where all the four operators commute with each other and with the qˆns. The
state of the system is labelled by eigenvalues of xˆµ, and is hence written as ψ(xµ1 , x
µ
2 , ..., x
µ
N).
Evolution is governed by the trace time s defined above. We also make the reasonable
assumption that the temporal correlation interval tC is related to rC by tC = rC/c. Thus
we still have only two new parameters, just as in the GRW model. The dynamics is then
given by the following variation of the two GRW postulates.
1. Given the wave function ψ(xµ1 , x
µ
2 , ..., x
µ
N) of an N particle quantum system in Hilbert
space, the n-th particle undergoes a ‘spontaneous collapse’ to a random eigenvalue xµ of xˆµ,
as defined by the following jump operator:
ψs(x
µ
1 , x
µ
2 , ..., x
µ
N) −→
Ln(x
µ)ψs(x
µ
1 , x
µ
2 , ..., x
µ
N)
‖Ln(t)ψs(x
µ
1 , x
µ
2 , ..., x
µ
N )‖
(12)
The jump operator Ln(x
µ) is a linear operator defined to be the normalised Gaussian:
Ln(x
µ) =
1
(pirC)2
e−(qˆ
µ
n−x
µ)2/2t2C (13)
qˆµn is the position operator for the n-th particle of the system and the random variable x
µ is
the eigenvalue of xˆµ to which the jump occurs.
The probability density for the n-th particle to jump to the eigenvalue xµ of xˆµ is assumed
to be given by:
pn(x
µ) ≡ ‖Ln(x
µ)ψs(x
µ
1 , x
µ
2 , ..., x
µ
N)‖
2 (14)
Also, it is assumed that the jumps are distributed in trace time s as a Poissonian process
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with frequency ηGRW = λGRW .
2. Between two consecutive jumps, the state vector evolves according to the following
generalised Schro¨dinger equation
i~
∂ψ
∂s
= Hψ(s) (15)
With regard to space-time, the particles described by qµn ‘live’ in the xˆ
µ operator space,
and the aforesaid xµ values are actually eigenvalues of xˆµ. Collapse localises a particle to
one of the eigenvalues of xˆµ. Using these eigenvalues as reference points, one interprets the
collection of eigenvalues as the four dimensional classical spcae-time we are familiar with.
Space-time could be said to be that which is between GRW jumps in the operator space-
time. A quantum mechanical particle which has not undergone collapse still ‘lives’ in the
space-time operator space xˆµ, but in our conventional formulation of quantum mechanics we
work not with operator space-time, but with classical space-time. It is implicitly assumed
that classical proper time coincides with the trace time s. Classical space and time are thus
approximations to the operator space and time described by (xˆ, tˆ), the approximation being
caused by GRW quantum jumps. One could say that these jumps make quantum theory
consistent with the Einstein hole argument. Linear quantum theory without these jumps
disagrees with the hole argument. Moreover, the recovered space-time possesses Lorentz
invariance because the original operator space-time in (11) is Lorentz invariant. Thus our
point of view is that spontaneous collapse is essential for making quantum theory consistent
with classical space-time. This gives a motivation for GRW quantum jumps over and above
their ad hoc construction with the express motivation of solving the measurement problem.
After classical space-time has been recovered one can write the Schro¨dinger equation (15)
on the standard Minkowski background and transform to the Heisenberg picture, and also
develop relativistic quantum field theory in the standard manner. While one could take (15)
as a starting point, it can also be derived from an underlying matrix dynamics for matter
and operator space-time degrees of freedom, as has been done in [7, 8] following the earlier
work of Adler and collaborators [9] on Trace Dynamics.
The following additional remarks serve to clarify the above discussion, and also describe
work currently in progress to develop this idea further:
(i) The problem of freezing in time: Just as a macroscopic object spontaneously collapses
to a specific position in space and repeated collapses keep it there, spontaneous collapses in
time keep it frozen at a specific value of classical time. How then does it evolve in time?
One possible solution is to propose that spontaneous collapse takes place not onto space-
time points, but to space-time paths. Paths are more fundamental than points. Instead of
constructing paths from points, we should construct points from paths. Evolution in time
is then a perception - the entire space-time path is in fact pre-given, in the spirit of the
principle of least action, which determines the entire path in one go. The mathematical
formulation of this proposal is presently being attempted, following the construction of a
6
path-integral for the GRW model [10].
(ii) The overall picture: The underlying layer of dynamics is the Hilbert space endowed
with the operator space-time metric proposed here. We call this the Extended Hilbert Space
(EHS). If every object in this extended Hilbert space undergoes spontaneous localisation, we
will have a universe filled with classical objects, and a classical space-time. We may express
this as:
Extended Hilbert Space → Spontaneous Localisation → Classical matter + Classical
Spacetime
However, we know that microscopic objects do not undergo rapid spontaneous localisa-
tion; their dynamics must still be described using the EHS. What we do however, is that
we carry out the dynamics of the uncollapsed objects, in ordinary Hilbert space, and with
reference to classical space-time, as if:
Extended Hilbert Space = Ordinary Hilbert Space + Classical Matter + Classical Space-
time
In so doing, we forget the operator space-time metric (OST), and this omission is at
the heart of the quantum measurement problem. We should either stay in EHS (QM +
OST) or in the classical universe (CM + CST). Instead we either stay in CM + CST, or we
invoke QM + CST. This latter is an approximation; albeit an excellent one for microscopic
systems, but the approximation breaks down for macroscopic objects, because spontaneous
localisation in the EHS kicks in for them. If we do want to carry out QM on CST, we should
actually approximate QM + OST as
QM + OST = QM + CST + Fluctuations
where ‘Fluctuations’ represents the fluctuating aspect of the OST, which must necessarily
accompany the mean, the latter being the CST, and which is responsible for spontaneous
localisation. It is possible that these fluctuations are the imaginary stochastic component of
the metric which has been proposed by Adler [11]. The reason for the anti-Hermitean nature
of the fluctuations remains to be understood. There could also be an intriguing connection
with the work of Karolyhazy [12] and of Diosi [13], and with the Diosi-Penrose model [14].
Work is in progress to understand this connection. What is clear though is that spontaneous
collapse takes place in EHS, not in ordinary Hilbert space + CST.
(iii) Emergence of a Lorentz invariant classical space-time: One can consider the classical
line-element (c2dt2− dx2) to be one of the eigenvalues of the operator line element (c2 dtˆ2−
dxˆ2) and the Lorentz invariance of the latter ensures the Lorentz invariance of the former.
(iv) Emergence of quantum field theory: The underlying EHS framework which we have
employed, deals with many particle relativistic quantum mechanics in the EHS. One could
well ask as to how this will be generalised to a quantum field theory? At present however,
it is not obvious to us if a field theoretic description is at all required in EHS. The point
being that EHS does not have a light cone structure, and does not obey classical special
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relativity. There is no physical reason for the particles to stay inside the classical light-cone,
and it may well be that the quantum field theoretic description is necessitated only for QM
on CST. This aspect is at present under investigation.
(v) The role of the Einstein hole argument: According to the Einstein hole argument,
one cannot identify classical space-time points without an overlying classical metric. If only
quantum matter is present in the universe, the metric cannot be classical, and will undergo
fluctuations. Even in a Minkowski space-time, the flat metric will have fluctuations, which
will prevent the points of the space-time manifold from being identified. That is why, even
in such a situation, one should replace the classical space-time manifold by an alternative
structure, e.g. the operator space-time proposed here. The GRW jumps make the matter
classical, which in turn no longer has quantum fluctuations in position, and hence produces
a classical metric, and in the limit, a Minkowski spacetime without any metric fluctuations,
thus permitting a point structure and the manifold.
(vi) Space-time from decoherence as an alternative explanation: Another well-known
mechanism for emergence of classical space-time from a quantum gravitational regime is
decoherence [15] of the different branches of the emergent classical universes, in the semi-
classical approximation. This should be considered an in-principle valid explanation, so long
as one also assumes the validity of the many-world interpretation of quantum mechanics.
The model presented in this paper becomes a necessary one though, if one assumes that the
GRW quantum jumps are the correct way to solve the measurement problem.
(vii) The rigged Hilbert space: Usually, position operators are not defined in a (proper)
Hilbert space, but in a more general space called rigged Hilbert space, using Gel’fand triples
for its definition, so that bound state (discrete) and continuum spectrum can be treated in a
unified setting. Strictly speaking, our discussion should take place in a rigged Hilbert space;
however our analysis has not reached this level of rigour, and furthermore we do not expect
the central features of our analysis to depend on this aspect.
(viii) Understanding quantum non-locality: The paradoxical nature of the non-local EPR
quantum correlations no longer arises in the extended Hilbert space, as we explain now.
Consider an entangled state of two particles, one at the spatial location x in CST, and the
other far away, at y. Let O be the observable whose eigenvalues O+ and O− are correlated
for the two particles, so that we write the state-vector for the correlated pair, in CST, as
|ψ >= |ψx(x, t, O+) > |ψy(y, t, O−) > + |ψx(x, t, O−) > |ψy(y, t, O+) > (16)
Suppose Alice makes the measurement on particle x at time t = t1 and finds the observable
O to have the value O+. The state |ψ > then instantaneously collapses to |ψx(x, t, O+) >
|ψy(y, t, O−) >, i.e. the state of particle y collapses to the observable value O− at the same
instant t1 at which Alice made the measurement on particle x. If Bob makes a measurement
on particle y at time t2 he will find it in the state O−, even if (y − x)/(t2 − t1) > c. This of
8
course is the non-locality puzzle.
Consider now the description of the state in the Extended Hilbert Space. The evolution
of the state is tracked by the trace time s, which is identical and simultaneous for the two
particles. However, because time is an operator, i.e. tˆ, the two particles are now labelled
by different eigenvalues of operator time, say t′ and t”. Thus, unlike in the CST case, the
entangled state will now be written as
|ψ >= |ψx,t′(x, t
′, s, O+) > |ψy,t”(y, t”, s, O−) > + |ψx,t′(x, t
′, s, O−) > |ψy,t”(y, t”, s, O+) >
(17)
When Alice makes a measurement on particle x, at trace time s, and finds the observable
O to have the value O+, the time eigenvalue t
′ associated with particle x collapses to the
time coordinate of Alice, say t′A (the CST time being t1). This measurement instantaneously
affects particle y, but instantaneously in trace time s. The time eigenvalue t” associated
with particle y is not affected at all. Moreover, there being no notion of classical distance
in the EHS, there is nothing that travels from x to y. It is only in CST, that we can talk
of y being far from x. When Bob makes a measurement on particle y, the time eigenvalue
t′′ associated with particle y collapses to the time coordinate of Bob, say t′′B (the CST time
being t2). Clearly, there is nothing puzzling if (y − x)/(t2 − t1) > c; this has nothing to do
with the physics which is taking place in EHS. We realise that notions such as distance, light
cone, space-like separation, are imposed on us by CST, and the non-locality puzzle arises
only if we refer the measurements to CST, instead of OST.
(ix) The origin of the Born probability rule: It is known that the continuum limit of
the GRW model is constructed by assuming the existence of a stochastic noise field, which
is added as an anti-Hermitean term to the Schro¨dinger equation. The Born probability
rule for collapse follows provided one assumes that norm of the state vector be preserved
despite adding an anti-Hermitean term to the Hamiltonian, and if one assumes the absence
of superluminal signalling. The condition of norm preservation seems rather ad hoc when
seen from the CST. However, in the EHS with an OST, it seems reasonable to assume that
the evolution of the state vector given by (15) is actually geodesic evolution in the operator
space-time metric and geodesic evolution preserves length of the vector, i.e. its norm. Hence
the CST representation of this evolution, in terms of mean and fluctuations, should also be
such that the norm is preserved. Born rule is thus seen as a consequence of geodesic motion
in a Lorentz invariant operator space-time metric.
(x) Quantum interference in time as evidence for the operator time of EHS? : There
are reported results of laboratory experiments which, according to the authors, are strong
evidence of quantum interference in time, rather than in space [16, 17]. This would be very
hard to understand if time is a parameter, as in QM on CST. However, in the EHS, i.e.
in QM on OST, a particle has a non-zero amplitude and probability to be simultaneously
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(i.e. with respect to trace time s), at two different times t′ and t”. Thus interference in
time is entirely possible, and we regard the reported experimental evidence for this as strong
evidence for operator space-time. Further investigation of this aspect is currently in progress.
An outstanding open question is to understand how gravity emerges from the underlying
operator space-time. Nonetheless, it is hoped that the ideas presented here will be of some
help in developing a relativistic version of collapse models. The idea that space might result
from collapse of he wave function has been proposed earlier by Pearle [18]. Diosi and Tilloy
have proposed Newtonian gravity as resulting from spontaneous localisation [19–21]
After this work appeared, there has appeared another paper [22] which introduces the
important concept of a delocalised time. However, this concept has already been introduced
by the present author in the current paper, and in his earlier work [6–8, 23–27].
Acknowledgements: I would like to thank Kinjalk Lochan for comments that significantly
improved an earlier version of the manuscript. It is also a pleasure to thank Branislav Nikolic
and Antoine Tilloy for helpful correspondence.This work is partially supported by a Mini-
Grant from the Foundational Questions Institute.
REFERENCES
[1] G. C. Ghirardi, A. Rimini, and T. Weber, Phys. Rev. D 34, 470 (1986).
[2] G. C. Ghirardi, P. Pearle, and A. Rimini, Phys. Rev. A 42, 78 (1990).
[3] A. Bassi and G. C. Ghirardi, Phys. Rep. 379, 257 (2003).
[4] A. Bassi, K. Lochan, S. Satin, T. P. Singh, and H. Ulbricht, Rev. Mod. Phys. 85, 471 (2013).
[5] S. Carlip, Rep. Prog. Phys. 64, 885 (2001).
[6] T. P. Singh, Bulg. J. Phys. 33, 217 (2006 [arXiv:gr-qc/0510042]).
[7] K. Lochan and T. P. Singh, Phys. Lett. A 375, 3747 (2011).
[8] K. Lochan, S. Satin, and T. P. Singh, Found. Phys. 42, 1556 (2012).
[9] S. L. Adler, Quantum theory as an emergent phenomenon (Cambridge University Press, Cam-
bridge, 2004) pp. xii+225.
[10] B. Bhatt, Manish, R. Patil, R. Mishra, S. Nahar, and T. P.Singh, arXiv:1808.04178 (2018).
[11] S. L. Adler, arXiv:1401.0353 [gr-qc] (2014).
[12] F. Karolyhazy, A. Frenkel, and B. Luka´cs, in Quantum concepts in space and time, edited by
R. Penrose and C. J. Isham (Clarendon, Oxford, 1986).
[13] L. Dio´si, Phys. Lett. A 105A, 199 (1984).
[14] L. Dio´si, Phys. Rev. A 40, 1165 (1989).
[15] M. Schlosshauer, Decoherence and the quantum-to-classical transition (Springer: Berlin-
10
Heidelberg, 2007).
[16] A. Gozdz, M. Debicki, and K. Stefanska, Physics of Atomic Nuclei 71, 892 (2008).
[17] M. Czachor, arXiv:1808.03271 (2018).
[18] P. Pearle, Found. Phys. 42, 4 (2012).
[19] L. Dio´si, J. Phys. Conf. Ser. 174, 012002 (2009).
[20] L. Dio´si and A. Tilloy, Phys. Rev. D 93, 024026 (2016).
[21] A. Tilloy, Phys. Rev. D 97, 021502 (R) (2018).
[22] J. Magueijo and L. Smolin, arXiv:1807.01520 (2018).
[23] T. P. Singh, in Re-thinking time at the interface of physics and philosophy, (arXiv:1210.81110),
edited by T. Filk and A. von Muller (Berlin-Heidelberg:Springer, 2015).
[24] S. Banerjee, S. Bera, and T. P. Singh, Int. J. Mod. Phys. 25, 1644005 (2016).
[25] T. P. Singh, in Collapse of the wave function, [arXiv:1701.09132 [quant-ph]], edited by S. Gao
(Cambridge University Press, 2018).
[26] T. P. Singh, Fundam. Theor. Phys. 187 (2017) 411, arXiv:1703.03443 (2017).
[27] T. P. Singh, arXiv:1707.01012 [quant-ph], Zeitschrift fur Naturforschung A, 18, 733 (2018).
11
